Purpose: Muscle stretching is frequently prescribed in physical therapy to manage lower back and neck pain. However, there is no clear evidence regarding the differences in effectiveness of active and passive stretching. Therefore, we aimed to evaluate the relative effectiveness of a 12-week program of active and passive stretching on selected physical and mental stress variables of sedentary men with lower back and neck pain. Methods: A cohort of 28 sedentary men, 30 -49 years old, were divided into two intervention groups: the passive stretching group (PSG, n = 15) and the active stretching group (ASG, n = 13). A trainer assisted with static passive stretching, while participants in the ASG were provided with an instructional video. The following outcomes were measured at the start and end of the first and twelfth week of the stretching program: physical measures (visual analogue scale score of lower back and neck pain; finger-to-floor distance, gravimetric assessment of pelvic tilt, muscle hardness of the biceps femoris, and straight-leg raising) and mental stress measures (α-amylase and cortisol levels in saliva samples). Results: Although both active and passive stretching produced acute changes in lower back and neck pain, only passive stretching yielded long-term improvement in pain, finger-to-floor distance, pelvic tilt, hardness of biceps femoris muscle and cortisol levels (p < 0.01). Conclusion: Passive stretching is superior to active stretching in reducing pain, increasing muscle extensibility and correcting posture among a group of sedentary men with lower back and neck pain.
Introduction
Lower back pain is prevalent in adults, with approximately 80% -90% of adults having either previously experienced or being currently experiencing lower back pain. In fact, 80% of adults will experience lower back pain at least once in their lifetime [1] . Lower back pain is also prevalent in children, especially among pediatric athletes [2] [3] [4] . Although a causal factor can be identified in 5% -15% of cases, more than 85% of patients have nonspecific lower back pain [5] . Several studies have identified smoking, high body mass index (BMI), and tight quadriceps and hamstring muscles as specific risk factors for lower back pain [6] [7] . Among these factors, hamstring tightness has been shown to highly correlate to lower back pain [8] [9] [10] . Due to the hamstring muscles attaching to the pelvis and the knee, crossing the hip posteriorly, decreased extensibility of the hamstrings will negatively influence hip and pelvis motion. Yet, evidence linking shortened hamstrings to lower back pain remains insufficient.
Neck pain is also a major somatic complaint among Japanese adults. Neck pain is defined as discomfort or dull pain caused by muscle stiffness around the back of the head and through the shoulder and/or scapular region [11] . Again, in many cases, chronic neck pain is non-specific [12] . Neck pain can be aggravated by a number of factors, including: cervical spine disease, glenohumeral joint disease, cardiovascular disease, eye fatigue, and temporomandibular arthrosis [13] [14] .
Moreover, in many patients, neck pain coexists with lower back pain and negatively influences health-related quality of life (QOL) [15] .
Several various treatment approaches for lower back and neck pain have been proposed and evaluated. Among those, the use of passive stretching to alleviate symptoms of lower back and neck pain has been gaining popularity. Two modes of stretching are prescribed, static and dynamic stretching, each having a distinct effect on the muscle. Dynamic stretching aims to increase heart rate and muscle temperature and incorporates movements that mimic a specific sport or exercise in an exaggerated yet controlled manner; often included during the warm-up or in preparation for a sports event, whereas static stretching aims to relax the muscle and increase its extensibility. Static stretching can be further subdivided as follows:
active stretching aims to induce relaxation of the contractile tissues of a muscle, via reflex inhibition, through contraction of the opposing (antagonist) muscle, while passive stretching aims to increase the extensibility of the non-contractile tissues of muscle (fascia and neurovascular tissue) by application of sustained, continuous stretch without contraction. Currently, evidence regarding the differences in the therapeutic effects of these different modes of stretching, remains controversial [16] - [22] . Therefore, the aim of our study was to evaluate the relative effectiveness of a 12-week program of active and passive stretching on selected physical and mental stress variables of sedentary men with lower back and neck pain.
Activities for both modes of stretching were designed by the Fubic Company, Ltd (Tokyo, Japan), as part of their core balance stretching program.
Material and Methods

Participants
We undertook an observational study to evaluate outcomes for passive and ac- 
Study Design
Participants were allocated to two intervention groups, ensuring an equal distribution of age, height, weight, body mass index (BMI), and VAS scores between the groups: the passive stretching group (PSG) (n = 16) and the active stretching The following baseline measurements were obtained prior to the start of the stretching program: height, BMI, finger-floor distance (FFD), hardness of the biceps femoris muscle bilaterally, angle of straight leg raising (SLR), the VAS lower back and neck pain score, the gravimetric test of the position of the body center of gravity (COG) relative to the gravitational vector, and levels of α-amylase and cortisol from saliva samples.
Pain Assessment
To assess pain, a 100 mm VAS was used, with anchors at "0" (no pain) and "100" (worse pain possible). Participants were asked to draw a vertical line through the horizontal VAS line at the point which best represented the intensity of their pain, before and after stretching.
FFD Assessment
FFD was measured to assess the flexibility of the hamstrings and the muscles of the lumbosacral region. To obtain FFD data, participants were asked to flex forward, keeping both knee joints in extension, and then measuring the distance between the fingertips and the floor both before and after stretching. Touching of the fingertips to the floor was scored as "0". The measured values were defined as "plus" for below the floor and as a "minus" above the floor. Care was taken to ensure that flexion was contributed principally through flexion of the lumbar spine.
SLR Assessment
The angle of SLR, which measures the global flexibility of the hamstring and extensor muscles of the lumbosacral spine, were measured by passively moving the hip into flexion, maintaining the knee in extension. The angle formed by the thigh, relative to horizontal, was measured using a hand-held goniometer (MEF Surgetec Co., Ltd.).
Gravimetric Assessment
For the gravimetric test, participants stood with on a gravimetric platform for 30 seconds, with their eyes open. Projection of the COG on the platform, relative to the gravitational vector, was measured according to the manufacturer's instructions using Gravicoda (GP-31, ANIMA Corp.).
Analysis of Saliva Samples
Saliva was collected using a salivette (SARSTEDT TA & CO). Samples were immediately stored in a cooler and frozen until analysis. The α-amylase and cortisol content were measured by the Yanaihara Institute Inc. (Shizuoka, Japan). These levels were used as a surrogate measure of the patient's mental stress level.
Measurement of Muscle Hardness (Elasticity)
Muscle hardness was quantified for both the right and left biceps femoris muscle in prone, using the Muscle Hardness Meter (Imoto Machinery Company, LTD.).
Data Analysis
With the exception of height and BMI, all other variables were measured at baseline (start of the first week of stretching, 1W-pre), at the end of the first week of stretching (1W-post), the start of the 12th week of stretching (12W-pre), and the end of the 12th week of stretching (12W-post). Descriptive statistics, namely the mean (standard deviation, SD), were computed for each outcome variable: VAS, FFD, gravimetric test, SLR, muscle hardness and saliva α-amylase and cortisol
content. Between-group differences at each time point of measurement were evaluated using a Mann-Whitney-U test. Within-group changes at each time point of measurement from baseline was evaluated using the Wilcoxon test. As deemed adequate, the confidence interval of the mean was calculated. All analyses were performed using SPSS (version 20.0; SPSS, IBM), with statistical significance set at p < 0.01.
Results
The physical characteristics of our study group are presented in Table 1 
Pain Assessment
The change in VAS scores for lower back and neck pain is reported in Figure   1 and 12W-pre to 12W-post (p < 0.001). Therefore, although both passive and active stretching decreased lower back pain immediately after stretching, only passive stretching yielded long-term effects (i.e., decrease from 1W-pre to 12W-pre).
Comparing PSG to ASG, VAS score of lower back pain in PSG was significantly lower than that of ASG in 12W-pre (p = 0.036) and 12W-post (p = 0.005).
In regards to neck pain in the PSG (Figure 1 
FFD Assessment
The change in FFD is reported in Figure 2 for the PSG, FFD increased, relative to 1W-pre, at 1W-post (p < 0.001), 12W-pre (p < 0.001) and 12W-post (p < 0.001).
By comparison, for the ASG, FFD increased only from 1W-pre to 1W-post (p = 0.008). Comparing PSG to ASG, although there was a trend toward the high variant of FFD in PSG at every point, no significant difference was found.
SLR Assessment
There was no effect of either stretching program on the SLR.
Measurement of Muscle Hardness
In the PSG, hardness of the biceps femoris muscle decreased bilaterally, at 12W-pre compared to 1W-pre (p < 0.001), a long-term effect of static stretching on the hardness of the biceps femoris was indicative. Any effect of stretching on the hard- ness of the biceps femoris was not identified at other time points of measurementfor the PSG and ASG.
Gravimetric Assessment
The analysis of the position of the COG for the ASG and PSG is shown in Figure   3 . For analysis, participants within each group were classified into an anterior- 
Analysis of Saliva Samples
In the PSG, a significant change in cortisol levels, shown in Table 3 , were identified from 1W-pre to 1W-post (p = 0.006) and 12W-pre to 12W-post (p = 0.008).
No differences in cortisol levels were identified in the ASG. Neither stretching program had an effect on α-amylase levels.
Discussion
In this study, our aim was to evaluate and compare the relative effects of a12-week Figure 3 . Comparison of gravimetric test for subjects posterior-gravity-group and anterior-gravity-group within PSG (a) and ASG (b). Center of the foot was scored as "0". The measured values were defined the as "plus" for posterior and as "minus" anterior in center of the foot. Participants within each group were classified into an anterior-COG group and a posterior-COG group, based on the median value of the COG position within each group. Improvement in muscle length with passive stretching is contributed by a decrease in stiffness in non-contractile muscle tissue [19] . Based on our outcomes, we propose that a 12-week program of passive stretching is effective in improving the extensibility of connective tissue/nervous tissue, thereby improving muscle length.
A change in pelvic tilt position, resulting from an increased extensibility of the hamstring muscles, also contributed in our measured increase in flexibility (muscle length, SLR and FFD). Specifically, in the PSG, the 12-week program of static stretching was effective in correcting any excess in pelvic tilt position, due to hypoextensibility of muscles of the lumbosacral region, with no effect of active stretching being identified. We postulate that this correction in pelvic tilt would result from increased length not only of the hamstring muscles, but of other muscles of the lumbosacral region, including the quadriceps, iliopsoas, and tensor fasciae latae muscles in our study. As decreased mobility of the hip can increase the strain on spinal structures [27] , improving hip mobility may be an important factor in decrease lower back pain. In fact, a positive association between the ratio of flexion of the lumbar region and the hip has been previously reported to directly influence lower back pain [28] .
The risk factors for neck pain in sedentary workers include the lack of worksite support from colleagues and supervisors [14] , insufficient sleep [29] , and prolonged work and depression [30] [31]. Krantz et al. used surface electromyography to demonstrate the influence of mental and physical stress on the resting activity of the trapezius muscle [32] by providing evidence of the effectiveness in decreasing mental stress in improving neck pain. To estimate mental stress, we assessed cortisol levels in samples of saliva. Cortisol, which is the end of product of activity in the hypothalamic-pituitary-adrenal (HPA) axis, is an important stress hormone, which responds to short-term stress relieving activities. Since the level of cortisol significantly decreased only after passive stretching, we propose that static stretching provides some effect in relieving mental stress, likely through its direct influence in improving extensibility thereby improving range of motion and relieving neck pain.
The limitations of our study need to be considered in the interpretation of results. As we determined that change in pelvic position as an important factor in decreasing lower back pain, a specific measure of pelvic tilt using standard methods of hand-held goniometry is recommended over the more general gravimetric measures we used in our study. Moreover, the ASG did not receive direct supervision or assistance in performing the active stretching program and, therefore, it is not possible to determine if stretching activities were correctly performed.
Conclusion
In conclusion, although both passive and active stretching produced acute benefits of improved lower back and neck pain symptoms, including a decrease in VAS score, only passive stretching, performed with the assistance of a trainer, produced long-term effects and benefits in decreasing physical and mental indices of lower back and neck pain. Active stretching, using an instructional video, did not offer long-term therapeutic benefits among sedentary men, 30 -49 years old, suffering from lower back and neck pain.
